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Description

Introduction

�[0001] The present invention is directed to a capacitive
torque sensor for a rotating shaft and more specifically
to sensor for automotive applications including steering.

Background of the Invention

�[0002] As disclosed in a copending applications, re-
cent requirements from the automotive industry for re-
duced engine power consumption have dictated the re-
placement of the power steering hydraulic pump with a
much more efficient electric motor geared to the steering
shaft to assist the steering effort. The main problem has
been sensing the effort being applied by the driver so as
to know how much to assist in the steering effort.
�[0003] A copending application (of which this is a con-
tinuation) discloses a differential capacitive torque sen-
sor where an apertured metal cage shields a dieletic ro-
tor. The relative rotation the apertured cage changes the
shielding to thus change the overall differential capaci-
tance of the system to proportionately indicate torque.

Object and Summary of Invention

�[0004] It is therefore an object of the present invention
to provide an improved capacitive torque sensor, as de-
fined in the appended claims.

Brief Description of Drawings

�[0005]

Figs. 1A and 1B are plan views of two capacitor por-
tions of the present invention.
Fig. 2 is a perspective view of the combination of
Figs. 1A and 1B as they would be actually used on
a shaft whose torsion is to be determined.
Fig. 3 is a schematic diagram showing how the ca-
pacitances of Fig. 2 are processed.
Fig. 4 is a diagram illustrating the operation of Fig. 3.
Fig. 5 is an exploded cross-�sectional view illustrating
how the components of the invention are mounted
and interlinked.
Fig. 6 is a simplified diagramatic view of a portion of
Fig. 5 illustrating the operation of the present inven-
tion.
Fig. 7 is a plan view of an alternative embodiment of
Fig. 5.
Fig. 8 is an exploded perspective view illustrating
components of the invention.
Figs. 9A, 9B and 9C are fragmentary cut-�away plan
views of a portion of Fig. 8 illustrating different oper-
ational conditions.
Fig. 10 is an exploded perspective view showing how
the components of the invention would be installed

together on a shaft.

Detailed Description of Preferred Embodiments

�[0006] Capacitive sensing technology is well known.
The value of a capacitor depends on the permitivity of
the dielectric material between the capacitor plates, the
area of the plates and the distance between the two
plates. Any one of these parameters may be used in the
sensing process.
�[0007] A displacement sensor can be constructed by
sliding a piece of dielectric material in an out of the parallel
plates of a capacitor. This is not suitable for real life ap-
plications due to environmental effects such as humidity.
The dielectric constant of air is very close to one in dry
conditions. However, when the humidity increases, the
media will no longer be pure air but a mixture of air and
water molecules which will have a dielectric constant
greater than one resulting in significant displacement er-
rors. In order to overcome this problem, it is known to
utilize a ratiometric capacitive sensor. Here side-�by- �side
parallel plate capacitors are arranged and the length of
the movable dielectric material is larger than the length
of any individual capacitor. The character of this con-
struction can be defined by the ratiometric formula of the
ratio of the two capacitances. In this construction, the
movement of the dielectric between the plates is desired
to be sensed. Such can be done by the capacitive sensor
signal conditioning circuit illustrated in Fig. 3 which is
commercially available. Here the voltage output VT is the
ratio of the difference and the sum of the individual ca-
pacitances times a constant. Since the sensor is based
on a ratiometric arrangement environmental effects such
as humidity, temperature, etc. will have a minimal effect
on the accuracy due to the fact that the value of C1 and
C2 will track (increase and decrease proportionally) each
other. The foregoing is only suitable for a linear displace-
ment type of sensor. However, using the foregoing tech-
nique, rotary capacitive sensors are possible but are lim-
ited to a maximum angle of 180°. Such a construction
would have one common circular capacitive plate with a
split capacitive plate in half circles sandwiching a rotary
dielectric. Where it is desired to sense the torque of, for
example, rotating machinery or steering wheel of an au-
tomobile which was several turns from lock to lock, such
a construction is not usable.
�[0008] Figs. 1A, 1B and 2 illustrate the plates of the
capacitor of the present invention without the inserted
dielectric. Fig. 1A shows an annular or ring-�type capacitor
plate 10 encircling a shaft 11 (only the axis being shown
of the shaft). This is opposed to a pair of concentric ca-
pacitor plate rings 12 and 13 lying in the same plane with
each other and encircling again the shaft axis 11. As dis-
cussed above, as illustrated in Fig. 2, they would be
mounted on the shaft 11 in close proximity but with a
dielectric 16 therebetween. Such dielectric will be dis-
cussed in detail later. As illustrated in Fig. 2, the capac-
itance C1 occurs between plate 10 and the outer con-
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centric ring 13 and the capacitance C2 occurs between
the plate 10 and the inner ring 12. Ring plates 12 and 13
should desirably have equal areas in order to provide a
balanced capacitive output (that is equal capacitances
C 1 and C2) at zero torque. Equal areas can easily be
provided by simple geometry. Referring to Fig. 1B where
the three pertinent radii are shown for equal area capac-
itive plates and the following formula is applicable:

�[0009] Referring now to Figs. 3 and 4, when the ca-
pacitances C 1 and C2 are compared, they produce the
output voltage VT and as illustrated in Fig. 4 when there
is a balanced condition at, for example, 2.5 volts, this
indicates zero torque. A maximum clockwise torque may
be slightly less than 5.0 volts and a maximum counter-
clockwise torque may be slightly above 0.0 volts.
�[0010] Fig. 5 illustrates the actual shaft 11 which in one
embodiment has a larger portion 11A which is concentric
with and surrounds a smaller shaft portion 11B. Thus, at
the right end of the shaft there might be a steering wheel
for an automobile and at the left end a suitable power
steering pump. Shaft portions 11 A and 11B are coupled
together by the pin 21. It is obvious the applied torque to
the shaft portion 11B can be measured by the angular
displacement or twist between the two shaft portions.
Concentric capacitor rings 12 and 13 designated capac-
itors C1 and C2 encircle shaft portion 11B and then the
single capacitor plate 10 or CP encircles portion 11B.
Both of these capacitor plates do not rotate with the shaft
11 but are fixed as indicated. They are actually mounted
in a housing as will be discussed below. The capacitor
plates 12, 13 and then 10 are both juxtaposed on opposite
sides of the six dielectric vanes 16a-�16f. Once vanes 16a
and 16d are shown. The vanes are mounted for rotation
with the shaft 11. The dielectric vanes are also mounted
for movement perpendicular to the axis of shaft 11 as
indicated by the arrows 22. As will be discussed below,
the amount of the radial movement of the vanes 16 is
proportional to the angular displacement or twist of the
shaft portion 11A and 11B.
�[0011] The foregoing is illustrated diagrammatically in
Fig. 6 where the concentric capacitor rings C1 and C2
are juxtaposed on one side of the vanes 16 and the other
capacitor ring CP is juxtaposed on the other side of the
vanes 16. The zero torque conditions is illustrated in Fig.
6 where the vanes 16 equally cover C1 and C2. Zero
torque is shown in the diagram of Fig. 4. And as illustrated
in that diagram, movement of the vanes 16 in one direc-
tion indicates clockwise applied torque and the opposite
direction counter-�clockwise applied torque.
�[0012] Now to return briefly to Fig. 5, in order to pro-
duce the desired perpendicular and proportional move-
ment of the vanes 16, the vanes are mounted on an inner
shaft rotor 26 on the shaft portion 11B. Then an outer
shaft rotor 27 is fixed for rotation with shaft portion 11B

and includes pins 28a-�28f which are parallel to the shaft
axis 11 and extend into inner shaft rotor 26 as illustrated.
The twist or angular displacement of the shaft 11 is also,
of course, related to the angular displacement between
the inner and outer shaft rotors 26 and 27.
�[0013] Briefly referring to Fig. 7 which is an alternative
shaft construction to Fig. 5, rather than concentric shaft
portions, shaft portions can be colinear as illustrated at
11A1 and connected by a buried torsion bar 31. The shaft
portions would still carry in the same manner the rotors
26 and 27 to indicate twist or torque.
�[0014] The exploded perspective view of Fig. 8 illus-
trates in mechanical detail the outer shaft rotor 27 and
inner shaft rotor 26 as they would be coupled together
on the shaft 11 linked by the pins 28a-�28f. The outward
radial movement of the dielectric vanes 16a-�16f which is
caused by the angular offset of the outer and inner shaft
portions is created in this shaft interface assembly. Six
dielectric vanes fit into grooves 32a-�32f in inner shaft
rotor 26 which permit motion in the radial direction only.
The dielectric vanes are spring loaded from behind by
the springs 33a-�33f which force them in an outward radial
direction. Each vane 16 also includes a slanted cam sur-
face 34a-�34f on which the respective pins 28a-�28f ride
and stop the outward radial movement of the dielectric
vanes. The slanted cam surface on the vanes on which
the guide pins rest, force the dielectric vanes to move in
the radial direction. Finally, the shaft interface assembly
26, 27 is fastened together by the rotor cover 36 by ap-
propriate mounting screws.
�[0015] Movement of the dielectric vanes across the two
capacitor plates C1 and C2 is controlled by the amount
of twist of the inner shaft rotor 26 and the outer shaft rotor
27. Figs. 9A, 9B and 9C show enlarged fragmentary
views of three different positions of vane 16a as deter-
mined by the angular twist between rotors 26 and 27.
Note that pin 28a rides on the cam surface 34a of vane
16a. Pin 28a, of course, extends from the outer shaft
rotor 27. Spring 33a biases the cam surface 34a against
the pin 28a. In the position shown in Fig. 9A the vane
16a lies equally over C1 and C2 so that with no relative
angular offset a zero torque as indicated as discussed in
conjunction with Fig. 4. The specific geometry between
the two concentric rings and their equal areas provide
such balanced condition. Movement in a counter-�clock-
wise direction is illustrated by the arrow 37 in Fig. 9B and
forces the dielectric vane 16a to a position indicated
where only the capacitor ring C2 is covered. Fig. 9C in-
dicates the angular offset in the clockwise direction 38.
This is a maximum as indicated again on Fig. �4.
�[0016] Fig. 10 is an explodedview showing the individ-
ual parts and the mechanical assembly of the torque sen-
sor. Shaft 11 would extend through all of the elements
illustrated. At the left and right end there is a housing
portion 41 and a cover 42 a both being fixed both in the
axial and radial directions. A printed circuit board 43 is
contained in housing portion 41 and carries the concen-
tric capacitor rings C1 and C2. Similarly, the printed circuit
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board 44 which carries the capacitor plate CP is fastened
to the cover 42. Then the shaft interface assembly as
illustrated in Fig. 8 includes, of course, the inner and outer
shaft rotors 26 and 27 and the vanes 16. This assembly
freely rotates inside the housing and cover 41, 42.
�[0017] Thus, in summary, the present design for a non-
contacting torque sensor can detect small changes in
capacity for small angles of differential displacement.
Sensitivity is enhanced because of the design of the di-
electric vanes with respect to the opposed capacitor rings
and plate.

Claims

1. A capacitive torque sensor for a rotating shaft (11)
having an axis of rotation and having two portions
(11A, 11B) for which applied torque to one shaft por-
tion (11B) causes an angular displacement with re-
spect to the other shaft portion (11A) said sensor
comprising: �

means for capacitively sensing said angular dis-
placement between the shaft portions, including
at least one dielectric vane (16a) mounted for
movement perpendicular to said axis and rotat-
able with said one shaft portion (11B);
means coupled to said other shaft portion (11A)
for moving said vane proportionately to said an-
gular displacement;
a pair of concentric capacitor plate rings (12, 13)
lying in a common plane encircling said other
shaft portion (11A) and juxtaposed with said
vane;
an opposed capacitor plate (10) encircling said
one shaft portion (11B) and also juxtaposed with
said vane;
electrical bridge means for comparing the ca-
pacitances formed between said pair of concen-
tric rings (12, 13) and said opposed capacitor
plate (10) as modified by said movable dielectric
vane for determining said angular displacement
and applied shaft torque.

2. A capacitive torque sensor as in Claim 1, where said
means coupled to said other shaft portion (11A) for
moving said vane (16a) proportionately to said an-
gular displacement includes a pin (28a) riding on a
cam surface (34a) of said at least one dielectric vane
where the pin is mounted for rotation with said other
shaft portion and opposes means biasing said vane
in a radially outward direction.

3. A capacitive torque sensor as in Claims 1 or 2, where
said shaft portions (11A, 11B) are concentric.

4. A capacitive torque sensor as in Claims 1 or 2, where
said shaft portions (11A’, 11B’) are colinear and con-

nected by a torsion bar (31).

5. A capacitive torque sensor as in Claims 1 or 2, where
under zero torque conditions said at least one vane
(16a) equally covers said pair of concentric rings (12,
13) whereby said compared capacitances (C1, C2)
are equal.

6. A capacitive torque sensor as in Claims 1 or 2, where
said pair of capacitor plate rings (12, 13) and said
capacitor plate (10) are fixed to a common housing
(41).

7. A capacitive torque sensor as in Claim 2 where said
cam surface (34a) is slanted and said pin (28a) is in
the middle of said cam surface under zero torque
conditions.

8. A capacitive torque sensor as in Claims 1 or 2, where
there are six said vanes (16a, 16b, 16c, 16d, 16e,
16f) mounted on said one shaft portion (11B).

Patentansprüche

1. Kapazitiver Drehmomentsensor für eine Drehwelle
(11) mit einer Drehachse und mit zwei Abschnitten
(11A, 11B), für welche das auf einen Wellenabschnitt
(11B) ausgeübte Drehmoment bezogen auf den an-
deren Wellenabschnitt (11A) eine Winkelverlage-
rung bewirkt, wobei der Sensor umfasst:�

ein Mittel zum kapazitiven Erfassen der Winkel-
verlagerung zwischen den Wellenabschnitten,
umfassend
wenigstens einen dielektrischen Flügel (16a),
welcher zur Bewegung orthogonal zu der Achse
angebracht ist und mit dem einen Wellenab-
schnitt (11B) drehbar ist;
ein Mittel, welches mit dem anderen Wellenab-
schnitt (11A) gekoppelt ist, um den Flügel pro-
portional zu der Winkelverlagerung zu bewe-
gen;
ein Paar von konzentrischen Kondensatorplat-
tenringen (12, 13), welche in einer gemeinsa-
men Ebene liegen, welche den anderen Wellen-
abschnitt (11A) umgeben, und welche neben
dem Flügel liegen;
eine entgegengesetzte Kondensatorplatte (10),
welche den einen Wellenabschnitt (11B) umgibt
und ebenso neben dem Flügel liegt;
ein elektrisches Überbrückungsmittel zum Ver-
gleichen der Kapazitäten, welche zwischen dem
Paar von konzentrischen Ringen (12, 13) und
der gegenüberliegenden Kondensatorplatte
(10) ausgebildet sind, wie sie von dem beweg-
lichen dielektrischen Flügel modifiziert werden,
um die Winkelverlagerung und das ausgeübte
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Wellendrehmoment zu bestimmen.

2. Kapazitiver Drehmomentsensor nach Anspruch 1,
wobei das Mittel, � welches mit dem anderen Wellen-
abschnitt (11A) gekoppelt ist, um den Flügel (16a)
proportional zu der Winkelverlagerung zu bewegen,
einen Stift (28a) umfasst, welcher auf einer Nocken-
fläche (34a) des wenigstens einen dielektrischen
Flügels läuft, wobei der Stift zur Drehung mit dem
anderen Wellenabschnitt angebracht ist und einem
Mittel gegenüberliegt, welches den Flügel in einer
radial nach außen gerichteten Richtung vorspannt.

3. Kapazitiver Drehmomentsensor nach Anspruch 1
oder 2, wobei die Wellenabschnitte (11A, 11B) kon-
zentrisch sind.

4. Kapazitiver Drehmomentsensor nach Anspruch 1
oder 2, wobei die Wellenabschnitte (11A’, 11B’) kolli-
near sind und durch eine Torsionsfeder (31) verbun-
den sind.

5. Kapazitiver Drehmomentsensor nach Anspruch 1
oder 2, wobei unter der Bedingung eines Drehmo-
ments von Null der wenigstens eine Flügel (16a) glei-
chermaßen das Paar von konzentrischen Ringen
(12, 13) abdeckt, wodurch die verglichenen Kapazi-
täten (C1, C2) gleich sind.

6. Kapazitiver Drehmomentsensor nach Anspruch 1
oder 2, wobei das Paar von Kondensatorplattenrin-
gen (12, 13) und die Kondensatorplatte (10) an ei-
nem gemeinsamen Gehäuse (41) befestigt sind.

7. Kapazitiver Drehmomentsensor nach Anspruch 2,
wobei die Nockenfläche (34a) geneigt ist, und der
Stift (28a) sich unter der Bedingung eines Drehmo-
ments von Null in der Mitte der Nockenfläche befin-
det.

8. Kapazitiver Drehmomentsensor nach Anspruch 1
oder 2, wobei es sechs Flügel gibt (16a, 16b, 16c,
16d, 16e, 16f), welche an dem einen Wellenabschnitt
(11B) angebracht sind.

Revendications

1. Capteur capacitif de couple pour un arbre rotatif (11)
présentant un axe de rotation et comportant deux
parties (11A, 11B), pour lesquelles un couple appli-
qué à une première partie d’arbre (11B) provoque
un déplacement angulaire par rapport à l’autre partie
d’arbre (11A), ledit capteur comprenant :�

un moyen destiné à détecter de façon capacitive
ledit déplacement angulaire entre les parties
d’arbre, comprenant

au moins une aube diélectrique (16A) installée
pour un déplacement perpendiculaire audit axe
et pouvant tourner avec ladite une première par-
tie d’arbre (11B),
un moyen couplé à ladite autre partie d’arbre
(11A) destiné à déplacer ladite aube proportion-
nellement audit déplacement angulaire,
une paire de bagues concentriques formant pla-
ques de condensateur (12, 13) se situant dans
un plan commun entourant ladite autre partie
d’arbre (11A) et juxtaposées à ladite aube,
une plaque de condensateur opposée (10) en-
tourant ladite une première partie d’arbre (11B)
et également juxtaposée à ladite aube,
un moyen de pont électrique destiné à comparer
les capacités formées entre ladite paire de ba-
gues concentriques (12, 13) et ladite plaque de
condensateur opposée (10) telles que modifiées
par ladite aube diélectrique mobile en vue de
déterminer ledit déplacement angulaire et le
couple de l’arbre appliqué.

2. Capteur capacitif de couple selon la revendication
1, où ledit moyen couplé à ladite autre partie d’arbre
(11A) destinée à déplacer ladite aube (16A) propor-
tionnellement audit déplacement angulaire com-
prend une broche (28a) se déplaçant sur une surface
de came (34A) de ladite au moins une aube diélec-
trique où la broche est installée pour une rotation
avec ladite autre partie d’arbre et s’oppose à un
moyen sollicitant ladite aube dans une direction ra-
dialement extérieure.

3. Capteur capacitif de couple selon la revendication 1
ou 2, où lesdites parties d’arbre (11A, 11B) sont con-
centriques.

4. Capteur capacitif de couple selon la revendication 1
ou 2, où lesdites parties d’arbre (11A’, 11B’) sont
colinéaires et reliées par une barre de torsion (31).

5. Capteur capacitif de couple selon la revendication 1
ou 2, où, dans des conditions de couple nul, ladite
au moins une aube (16a) recouvre de façon égale
ladite paire de bagues concentriques (12, 13), grâce
à quoi lesdites capacités comparées (C1, C2) sont
égales.

6. Capteur capacitif de couple selon la revendication 1
ou 2, où ladite paire de bagues (12, 13) formant pla-
ques de condensateur et ladite plaque du conden-
sateur (10) sont fixées à un boîtier commun (41).

7. Capteur capacitif de couple selon la revendication
2, où ladite surface de came (34a) est inclinée et
ladite broche (28a) se trouve au milieu de ladite sur-
face de came dans des conditions de couple nul.
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8. Capteur capacitif de couple selon la revendication 1
ou 2, où il existe six dites aubes (16a, 16b, 16c, 16d,
16e, 16f) installées sur ladite première partie d’arbre
(11B).

9 10 
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